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Abstract A method to calculate grinding wheel surface shape of double disc grinder and grinding depth was 
described. Coordinate transformation using rotation and translation matrices was applied to calculate the 
tilted and dressed grinding wheel surface and processed workpiece shape. Simple actual procedure of 
calculation using a spreadsheet program was shown. Calculated contour map of the grinding wheel surface 
could indicate and explain the grinding process.  
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㸬ࡣࡌࡵ࡟
୧㢌ᖹ㠃◊๐┙ࡣ㸪ᑐྥࡋ࡚ᅇ㌿ࡍࡿࢹ࢕ࢫࢡ
ᆺࡢ◒▼ࡢ㛫࡟ຍᕤ≀ࢆ㐃⥆㏻㐣ࡉࡏࡿࡇ࡜࡟ࡼ
ࡾ㸪ຍᕤ≀ࡢ୧➃㒊ᖹ⾜㠃ࢆྠ᫬࡟㧗⢭ᗘ㸪㧗⬟
⋡࡟ᖹ㠃◊๐ࡍࡿᕤసᶵᲔ࡛࠶ࡿ 1)㸬ᖹ⾜ᗘ㸪ᖹ
ᆠᗘࠊᖜᑍἲ➼ࡀȣm࣮࢜ࢲࡢ⢭ᗘ࡛ຍᕤྍ⬟࡛
࠶ࡾ㸪࣋࢔ࣜࣥࢢࡢෆ㸪እ㍯ࡢ୧ᖹ㠃㸦ຍᕤࡢᇶ
‽㠃㸧㸪ࣈࣟࢵࢡࢤ࣮ࢪ㸪ࣆࢫࢺࣥࣜࣥࢢ➼㸪ከ
ࡃࡢ〇ရࡢ◊๐ຍᕤ࡟౑⏝ࡉࢀ࡚࠸ࡿ㸬 
◒▼ࡣ㸪ᖹ⾜࡟ᑐྥ㓄⨨ࡉࢀࡓ఩⨨࠿ࡽ 3ḟඖ
ⓗ࡟ᚤᑠ࡟ഴᩳࡉࡏ࡚౑⏝ࡉࢀࡿ㸦ࢫ࣮ࣝࣇ࢕࣮
ࢻ᪉ᘧ㸧㸬ࡇࢀ࡟ࡼࡗ࡚୧◒▼㛫ࡢ㊥㞳࡟ᚤᑠ࡞
኱ᑠࡀࡘࡁ㸪ຍᕤ≀ࡢ◒▼㛫࡬ࡢ㐍ධ࣭ຍᕤ࣭⬺
ฟࡀࢫ࣒࣮ࢬ࡟࡞ࡉࢀࡿࡼ࠺࡟࡞ࡿ㸬⌧≧㸪◒▼
ഴᩳ㔞࡜ຍᕤ㔞ࡢ㛵ಀࡣᐃ㔞ⓗ࡟ண ࡀᅔ㞴࡛࠶
ࡾ㸪⇍⦎సᴗ⪅ࡀ⤒㦂࡜຺࡟ࡼࡗ࡚ഴᩳ㔞ࡢᶆ‽
್ࢆỴࡵ࡚࠸ࡿ㸬ࡇࡢࡓࡵ㸪ຍᕤ≀ࡢኚ᭦ࡢࡓࡧ
࡟ㄪᩚ࡟᫬㛫ࡀ࠿࠿ࡾ㸪ࡲࡓ᭱㐺᮲௳࡛㐠⏝ࡋ࡚
࠸ࡿ࡜ࡣᚲࡎࡋࡶ࠸࠼࡞࠸≧ἣ࡟࠶ࡿ㸬 
ࢩࣜࢥ࢙࣮ࣥ࢘ࣁ➼ࡢ◊๐࡟࠾࠸࡚ࡣ㸪࢖ࣥࣇ
࢕࣮ࢻ᪉ᘧ࡜࿧ࡤࢀࡿ㸪㏻ᖖ◒▼࡟ഴᩳࢆࡘࡅ࡞
࠸◊๐ἲࡀ⏝࠸ࡽࢀࡿࡇ࡜ࡀከ࠸ࡼ࠺࡛࠶ࡿ㸬ࡇ
ࡢࡼ࠺࡞ሙྜ࡟◊๐㔞➼ࢆண ࡍࡿヨࡳࡣẚ㍑ⓗ
⾜ࢃࢀ࡚࠸ࡿ 2㹼7)ࡀ㸪ࢫ࣮ࣝࣇ࢕࣮ࢻ᪉ᘧ࡟࠾ࡅ
ࡿ◊๐㔞ண ࡟㛵ࡍࡿሗ࿌ࡣ㸪➹⪅ࡽࡢ▱ࡿ⠊ᅖ
࡛ࡣᮏሗ࡛ࡶࡑࡢᡭἲࢆཧ↷ࡍࡿ 1 ௳ 8)ࡀ࠶ࡿࡢ
ࡳ࡛࠶ࡿ㸬 
ᮏ◊✲ࡣࡇࡢ≧ἣࢆ㚷ࡳ㸪◒▼࡟௵ពࡢഴᩳࢆ
୚࠼ࡓ࡜ࡁ࡟ண ࡉࢀࡿ◒▼㛫✵㛫ᙧ≧࡜ษࡾ㎸
ࡳ㔞ࢆồࡵࡿ⡆౽࡞ィ⟬ἲࢆ♧ࡍࡶࡢ࡛࠶ࡿ㸬 
4
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㸬୧㢌ᖹ㠃◊๐┙ᴫせ
ᅗ 1࡟୧㢌ᖹ㠃◊๐┙ࡢእほࢆ♧ࡍ 9㸧㸬ᶓ㍈ᆺ
࡜࿧ࡤࢀࡿ㸪◒▼ᅇ㌿㍈ࡀỈᖹ࡟㓄⨨ࡉࢀࡓᙧᘧ
ࡢ౛࡛࠶ࡿ㸬ࡑࡢᶵᵓࡢᶍᘧᅗࢆᅗ 2࡟♧ࡍ㸬ึ
ᮇ࡟ࡣᖹ⾜࡟㓄⨨ࡉࢀࡿ஧ᯛࡢ◒▼ࡣ㸪ࡑࢀࡒࢀ
ᅗ 3࡟♧ࡍ◒▼ᑐྥ㠃⾲㠃࡟ᅛᐃࡋࡓᗙᶆ⣔࡟࠾
࠸࡚㸪x㸪y㍈ࡲࢃࡾ࡟ᅇ㌿ྍ⬟࡞ᶵᵓ࡜࡞ࡗ࡚࠸
ࡿ㸬 
ຍᕤ๓࡟ࡣ◒▼ࢆഴᩳࡉࡏࡓᚋ㸪ࢻࣞࢵࢩࣥࢢ
ࢆ⾜࠺㸬ࡑࢀ࡟⏝࠸ࡽࢀࡿࢻࣞࢵࢩࣥࢢ⿦⨨ࡢᶍ
ᘧᅗࢆᅗ 4࡟♧ࡍ㸬◒▼㠃እ࡟ᅇ㌿୰ᚰࢆᣢࡘ࢔
࣮࣒ࡢඛ➃࡟ྲྀࡾ௜ࡅࡽࢀࡓࢻࣞࢵࢧࡀ㸪ഴᩳ๓
ࡢ◒▼⾲㠃㸦x-yᖹ㠃㸧࡟ᖹ⾜࡟ࢫ࢖ࣥࢢࡉࢀ㸪◒
▼⾲㠃ࢆ๐ࡿ㸬◒▼ࡣ 2㍈ࡲࢃࡾ࡟ᅇ㌿ࡉࢀ㸪ࢻ
ࣞࢵࢧࡢࢫ࢖ࣥࢢ᭤⥺࡟ᑐࡋ࡚ 3ḟඖⓗ࡟ഴᩳࡋ
࡚࠸ࡿࡢ࡛㸪ࢻࣞࢵࢩࣥࢢᚋࡢ◒▼ᙧ≧ࡣண ࡢ
㞴ࡋ࠸⊂≉࡞᭤㠃࡜࡞ࡿ㸬 
ຍᕤ≀ࡢ◒▼㛫✵㛫ࡢ㏻㐣ࡢᵝᏊࢆᅗ 5࡟ᶍᘧ
ⓗ࡟♧ࡍ㸬ຍᕤ≀ࡢ㏻㐣᪉ἲࡣ┤⥺ⓗ࡟㏦ࡽࢀࡿ
᪉ἲࡶ࠶ࡿࡀ㸪ࡇࡇ࡛ࡣẚ㍑ⓗࡼࡃ⏝࠸ࡽࢀࡿࣟ
࣮ࢱ࣮ࣜ࢟ࣕࣜ࢔ᘧ࡜࿧ࡤࢀࡿ㸪࢟ࣕࣜ࢔෇ᯈୖ
࡟෇࿘᪉ྥ࡟ຍᕤ≀ࢆ୪࡭࡚ᅛᐃࡋ㸪෇ᯈᅇ㌿࡟
ࡼࡗ࡚ຍᕤ≀ࢆ㏦ࡾࡇࡴ᪉ἲࢆ♧ࡋ࡚࠶ࡿ㸬 
◒▼㛫ࡢ✵㛫ࡣ◒▼ࡢഴᩳ࡜ࢻࣞࢵࢩࣥࢢ࡟ࡼ
ࡿ⾲㠃ࡢ᭤㠃໬࡟ࡼࡾ㸪ᚤᑠ࡞㧗పᕪࢆᣢࡘࡶࡢ
࡜࡞ࡿ㸬㐺ษ࡟ࡇࡢ✵㛫ࢆタᐃࡋ㸪ຍᕤ≀ࢆ㏻㐣
ࡉࡏࡿ࡜㸪㧗ЍపЍ㧗ࡢ✵㛫ࢆ㐃⥆ⓗ࡟㏻㐣ࡋ㸪
ᅗ 5࡟♧ࡋࡓࡼ࠺࡟ࠕⲨ◊๐Ѝ௙ୖࡆ◊๐Ѝࢫࣃ
࣮ࢡ࢔࢘ࢺ㸦ຍᕤ≀ࡢᙎᛶᅇ᚟ศࡢ◊๐㐣⛬㸧ࠖ
ࡀ㐃⥆ⓗ࡟⾜ࢃࢀ㸪⢭ᗘ㸪ຠ⋡ࡢ㧗࠸ຍᕤࡀ⾜࠼
ࡿ㸬ࡋ࠿ࡋ࡞ࡀࡽ㸪ࡇࡢ࡜ࡁࡢຍᕤ㔞ࢆ࠶ࡽ࠿ࡌ
ࡵண ࡍࡿࡢࡣ㠀ᖖ࡟」㞧࡞సᴗ࡜࡞ࡾ㸪ᅔ㞴࡜
⪃࠼ࡽࢀ࡚࠸ࡓ㸬 
㸬ィ⟬᪉ἲ
 ィ⟬᪉ἲࡢᴫᛕ
◒▼◊๐㠃ୖ࡟ᅛᐃࡋࡓᗙᶆ⣔㸦ᅗ 3ཧ↷㸧࡟
ᅇ㌿ࡢᗙᶆኚ᥮ࢆ᪋ࡍࡇ࡜࡟ࡼࡾ㸪ഴᩳᚋࡢ◒▼
㛫㊥㞳ࢆኚ᥮ᚋࡢᖹ㠃ࡢ z ᗙᶆ࡜ࡋ࡚ㄞࡳྲྀࡿィ
⟬ἲࡀᩥ⊩ 8㸧࡟♧ࡉࢀ࡚࠸ࡿ㸬ᮏィ⟬ࡣࡇࢀࢆ
ᇶᮏ࡜ࡋ㸪◒▼ࡢᖹ⾜⛣ື࡜㸪ᐇ㝿ࡢຍᕤ㔞࡟኱
ࡁࡃᙳ㡪ࡍࡿࢻࣞࢵࢩࣥࢢ࡟ࡼࡿ◒▼ࡢᙧ≧ኚ໬
ࢆ⪃៖ࡋ㸪ຍᕤ≀ࡢ◊๐㠃ᙧ≧ࢆ 3ḟඖⓗ࡟ồࡵ
ࡽࢀࡿࡶࡢ࡜ࡍࡿ㸬 
◊๐┙ࢆᖹ⾜࡞ࡲࡲ⏝࠸ࡿ࢖ࣥࣇ࢕࣮ࢻ᪉ᘧࡸ㸪
ഴᩳ㔞ࡀ㠀ᖖ࡟ᑠࡉ࠸ሙྜࡣ㸪ຍᕤ࡟ࡼࡾ⏕ࡌࡿ
◒▼ࡢᦶ⪖࡟ࡼࡿኚᙧࡀຍᕤ㔞ࡸຍᕤ⬟⋡࡟኱ࡁ
ࡃᙳ㡪ࡍࡿ 3,8)ࡀ㸪ᮏィ⟬࡛ࡣ◊๐┙ࢆㄪᩚࡍࡿ㝿
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3୧㢌ᖹ㠃◊๐┙࡟ࡼࡿษࡾ㎸ࡳ㔞ࡢィ⟬ἲ
ࡢᣦ㔪࡜࡞ࡿ◒▼㛫✵㛫ᙧ≧ࢆồࡵࡿࡇ࡜ࢆ┠ⓗ
࡜ࡋ㸪◒▼㸪ࢻࣞࢵࢧ㸪ຍᕤ≀ࡢ㛫ࡢᗄఱᏛⓗ࡞
ᖸ΅㔞ࡢࡳࢆ◊๐㔞࡜ࡋ࡚ィ⟬ࡍࡿ㸬ࡑࢀࡽࡢኚ
ᙧࡸᦶ⪖ࡣ⪃࠼࡞࠸㸬 
౛࡜ࡋ࡚ᅗ 3ࡢ x㍈ࡲࢃࡾ࡟ࡢࡳ◒▼ࢆᅇ㌿ࡉ
ࡏࡓሙྜ࡟ࡘ࠸࡚ㄝ᫂ࡍࡿ㸬ᑐ㠃ࡍࡿ 2ಶࡢ◒▼
ࡢᙧ≧ࡣྠࡌ᪉ἲ࡛ィ⟬࡛ࡁ㸪ࡑࢀࢆ⏝࠸࡚୧㠃
㛫ࡢ㊥㞳ࡶᐜ᫆࡟ồࡵࡿࡇ࡜ࡀ࡛ࡁࡿࡢ࡛㸪2 ಶ
ࡢ◒▼ࡢ࠺ࡕ㸪∦᪉࡟ࡘ࠸࡚ࡢࡳ♧ࡍ㸬 
ᅗ 6ࡣᅇ㌿ᚋࡢ◒▼ࢆ x㍈ࡢ㈇᪉ྥ࡟ྥ࠿ࡗ࡚
ぢࡓᅗ࡛࠶ࡿ㸬x㍈ࡲࢃࡾ࡟◒▼ࢆ-ȟᅇ㌿ࡋࡓ࡜
ࡁ㸪◒▼⾲㠃࡟ᅛᐃࡋࡓ y㸪z ㍈ࡣ y’㸪z’ ㍈࡟⛣
ືࡍࡿ㸦x’ ㍈ࡣ x㍈࡜୍⮴㸧㸬ࡇࡢ᫬ࢻࣞࢵࢧࡢ
㌶㊧㸦ඖࡢ x-yᖹ㠃࡟ᖹ⾜㸧ࢆ x’-y’-z’ ᗙᶆ⣔࡛⾲
ࡏࡤ㸪ࢻࣞࢵࢧ㌶㊧ୖࡢⅬࡢᗙᶆ(x’,y’,z’ )࡟࠾ࡅ
ࡿ z’(<0)ࡑࡢࡶࡢࡢ⤯ᑐ್ࡀ㸪◒▼ୖࡢᗙᶆ
(x’,y’,0)࡟࠾ࡅࡿ◒▼ࡢ๐ࡾ㎸ࡳ῝ࡉ d࡜࡞ࡿ㸬 
ྠᵝ࡟㸪x㍈ࡲࢃࡾ࡟⥆ࡅ࡚ y’ ㍈ࡲࢃࡾ࡟◒▼
ࢆᅇ㌿ࡋࡓ࡜ࡁ࡟ࡣ㸪x’-y’-z’ ᗙᶆ⣔ࢆ y’ ㍈ࡲࢃ
ࡾᅇ㌿ࡋࡓ x’’-y’’-z’’ᗙᶆ⣔࡟࠾ࡅࡿ◒▼㌶㊧ୖ
ࡢⅬࡢ z’’ᗙᶆ್ࡢ⤯ᑐ್ࡀ๐ࡾ㎸ࡳ῝ࡉ d࡜࡞ࡿ㸬 
 ලయⓗィ⟬᪉ἲ
 ◒▼ࢆᅗ 3࡟࠾ࡅࡿ x㍈ࡲࢃࡾ࡟ゅᗘȟᅇ㌿ࡉ
ࡏࡓᚋ㸪ᅇ㌿ᚋࡢ y’ ㍈ࡲࢃࡾ࡟ゅᗘȭᅇ㌿ࡉࡏ
ࡿሙྜࢆ⪃࠼ࡿ㸬ᐇ㝿ࡢ◊๐┙࡛ࡣᅇ㌿ࡢ୰ᚰࡀ
◒▼◊๐㠃୰ኸ࡟࡞࠸ࡇ࡜ࡀከ࠸ࡢ 㸦࡛ᅗ 2ཧ↷㸧㸪
ᗙᶆ⣔ཎⅬࡣᅇ㌿࡜ྠ᫬࡟ᖹ⾜⛣ືࡍࡿ㸬 x㍈ࡲ
ࢃࡾᅇ㌿᫬ࡢཎⅬ Oࡢ᪂ࡋ࠸ཎⅬ O’࡬ࡢ y᪉ྥ㸪
z᪉ྥ⛣ື㔞ࢆࡑࢀࡒࢀ s㸪t࡜ࡋ㸪y’ ㍈ࡲࢃࡾ࡟
ᅇ㌿᫬ࡢཎⅬ O’ࡢ x’㸪z’ ᪉ྥ࡬ࡢ⛣ື㔞ࢆࡑࢀ
ࡒࢀ u㸪v࡜ࡍࡿ㸬ࡇࢀࡽࡢᖹ⾜⛣ື㔞ࡣᐇ≀ࡢ◊
๐┙ࡢᵓ㐀࠿ࡽᗄఱᏛⓗ࡟ồࡲࡿ㸬 
ᅗ 3ࡢ(x,y,z)ᗙᶆࡣ㸪ᅇ㌿ᚋ௨ୗࡢࡼ࠺࡟ 
 
 
 
 
 
 
 
 
 
 
 
(x’’,y’’,z’’)ᗙᶆ࡟ኚ᥮ࡉࢀࡿ㸬 
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a㸪b㸪c㸸ࢻࣞࢵࢧࢫ࢖ࣥࢢ࢔࣮࣒ᅇ㌿୰ᚰࡢ x㸪
y㸪㹸ᗙᶆ 
r㸸ࢫ࢘࢕ࣥࢢ࢔࣮࣒ᅇ㌿୰ᚰ࠿ࡽࢻࣞࢵࢧඛ➃ࡲ
࡛ࡢ㊥㞳 
࡜࠾ࡃ㸬ࡇࢀࢆᘧ(1)࡟ࡼࡗ࡚ኚ᥮ࡋ㸪x’’-y’’-z’’
ᗙᶆ⣔࡛⾲ࡋࡓ࡜ࡁࡢ z’’(<0)ࡀ◊๐┙ࡢ๐ࡾ㎸ࡳ
῝ࡉ࡛࠶ࡿ㸬ࡇࡢᵝᏊࢆᅗ 7࡟♧ࡍ㸬 
 ◒▼ࡣᅇ㌿ࡋ࡚࠸ࡿࡢ࡛㸪◒▼ୖࡢ༙ᚄ
22 yxR cccc ࡢࡍ࡭࡚ࡢ఩⨨࡛ࡢ๐ࡾ㎸ࡳ῝
ࡉࡣ㸪◒▼࡟ࢻࣞࢵࢧࡀ㣗࠸㎸ࡴⅬ(x’’,y’’,z’’)࡟࠾
ࡅࡿ๐ࡾ㎸ࡳ῝ࡉ d=҉z’’҉࡜࡞ࡿ㸬ࢻࣞࢵࢧࡢ㣗࠸
㎸ࡳⅬࡀ␗࡞ࡿ 2Ⅼ࡛ྠࡌ R࡜࡞ࡿሙྜࡣ㸪῝࠸
᪉ࡢ dࡀ๐ࡾ㎸ࡳ῝ࡉ࡜࡞ࡿ㸬ࡇࡢࡼ࠺࡟ࡋ࡚◒
▼ࡢ⾲㠃ᙧ≧ࡀᐃࡲࡿ㸬 
 ḟ࡟ຍᕤ≀ࡢ◊๐῝ࡉࢆồࡵࡿ㸬ຍᕤ≀ࡣࢻࣞ
ࢵࢧྠᵝ x-y ᖹ㠃ෆࢆࢫ࢖ࣥࢢࡋ࡚◒▼㛫࡟౵ධ
ࡋ࡚ࡃࡿ㸬ࡇࡢᵝᏊࢆᅗ 8࡟♧ࡍ㸬෇⟄≧ࡢຍᕤ
≀ࡢ➃㠃ࢆ◊๐ࡍࡿ౛࡛࠶ࡿ㸬෇⟄ຍᕤ≀➃㠃ୖ
ࡢ࠶ࡿⅬ M ࡀࢫ࢖ࣥࢢ࡟ࡼࡗ࡚ᗙᶆ(xM,yM,zM)࡟
࠶ࡿ࡜ࡁࡢⅬ M ࡢ◊๐῝ࡉ D ࡣ㸪zM࡜㸪ඛ࡟ồ
ࡵࡓ x’’-y’’-z’’ᗙᶆ⣔ࡢ◒▼⾲㠃ᙧ≧ࢆ㏫ኚ᥮ࡋ
࡚ x-y-z ᗙᶆ⣔࡛⾲ࡋࡓ࡜ࡁࡢ◒▼ୖࡢⅬ
(xM,yM,zg)࡟࠾ࡅࡿ zg࡜ࡢᕪ࡛ồࡲࡿ(D=zM-zg<0)㸬 
 Ⅼ M ࡣࢫ࢖ࣥࢢ࡟ࡼࡗ࡚◒▼ෆ㒊ࢆᘼࢆᥥ࠸
࡚㏻ࡾᢤࡅࡿ㸬ࡇࡢ㌶㊧࡟ἢࡗ࡚ Dࢆィ⟬ࡋ㸪ࡶ
ࡗ࡜ࡶ῝࠸ D ࡀⅬ M ࡢ◊๐῝ࡉ࡜࡞ࡿ㸬ຍᕤ≀
ࡀ࢔࣮࣒࡟ᅛᐃࡉࢀ࡚࠸ࡿሙྜࡣ㸪ᅗ 8࡟➼㧗⥺
࡜ࡋ࡚♧ࡍࡼ࠺࡟㸪ຍᕤ≀➃㠃࡟࠾࠸࡚ⅬM࡜ྠ
ࡌࢫ࢖ࣥࢢ༙ᚄୖ࡟࠶ࡿⅬࡀ㸪ࡍ࡭࡚ྠࡌ◊๐῝
ࡉ D ࢆᣢࡘࡇ࡜࡟࡞ࡿ㸬ࡋࡓࡀࡗ࡚㸪ィ⟬Ⅼ M
ࢆࢫ࢖ࣥࢢ༙ᚄ᪉ྥ࡟⛣ືࡋ࡚ィ⟬ࡍࡿࡇ࡜࡟ࡼ
ࡾ㸪ຍᕤ≀➃㠃඲యࡢ◊๐ᚋࡢᙧ≧ࢆィ⟬ࡍࡿࡇ
࡜ࡀ࡛ࡁࡿ㸬ຍᕤ≀ࡀ◒▼࡜ࡢస⏝࡟ࡼࡗ࡚⮬㌿
࡛ࡁࡿࡼ࠺࡟࢔࣮࣒ඛ➃࡟ྲྀࡾ௜ࡅ࡚࠶ࡿሙྜࡣ㸪
ຍᕤ≀➃㠃඲యࡀ࡯ࡰィ⟬ୖࡢࡶࡗ࡜ࡶ῝࠸◊๐
῝ࡉ࡟◊๐ࡉࢀࡿ࡜⪃࠼ࡽࢀࡿ㸬 
㸬ィ⟬౛
ᮏ❶࡛ࡣ⾲ィ⟬ࢯࣇࢺࠕExcelࠖࢆ⏝࠸࡚㸪㞳ᩓ
ⓗ࡞ᗙᶆ್ࢆ౑⏝ࡋ㸪⡆౽࡞ィ⟬ࢆ⾜ࡗࡓ౛ࢆ♧
ࡍ㸬 
ࡲࡎࢻࣞࢵࢩࣥࢢᚋࡢ◒▼ᙧ≧ࢆィ⟬ࡍࡿ㸬ࢻ
ࣞࢵࢧࡢࢫ࢖ࣥࢢ㌶㊧ୖ࡟࠶ࡿⅬࢆᘧ(2)࡟ࡼࡗ
࡚㞳ᩓⓗ࡟ồࡵࡿ㸬ලయⓗ࡟ࡣᚲせ࡞⢭ᗘ࡟ᛂࡌ
࡚ⅬࡢᩘࢆỴࡵ㸪ࡑࡢྛࠎࡢ xᗙᶆࢆỴࡵ࡚ᘧ(2)
࡟ࡼࡗ࡚ yᗙᶆࢆィ⟬ࡍࡿ㸬ࡇ࠺ࡋ࡚ᐃࡵࡓ x,y,z
ᗙᶆᩘ್ࢆᘧ(1)࡟௦ධࡋ࡚ x’’,y’’,z’’ࡢᩘ್ࢆồ
ࡵࡿ㸬 
ࡇࢀ࡟ࡼࡗ࡚◒▼ᙧ≧ࡣ㸪x’’-y’’-z’’ᗙᶆ⣔࡟࠾
࠸࡚༙ᚄ 22 yxR cccc ࡢ఩⨨࡛ඖࡢ⾲㠃ࡼࡾ
҉z’’҉ࡔࡅప࠸ᙧ≧ࢆᣢࡘ෇┙࡜ࡋ࡚ᐃࡲࡿ㸬ࡓࡔ
ࡋ㸪༙ᚄ 5ࡢ఩⨨ࡣ㞳ᩓⓗ࡟ࡋ࠿ồࡵࡽࢀ࡚࠸࡞
࠸ࡓࡵ㸪ᚋࡢィ⟬ࡢࡓࡵ࡟◒▼ᙧ≧ࢆ༙ᚄ 5ࡢ㛵
ᩘ࡜ࡋ࡚㏆ఝࡍࡿ㸬௒ᅇࡢィ⟬᮲௳࡛ࡣ ([FHO ࡟
௜ᒓࡢ㏆ఝ㛵ᩘࡢ࠺ࡕ㸪 ḟ㛵ᩘ࡛㏆ఝࡍࡿࡇ࡜
࡛s㸣௨ୗࡢㄗᕪ࡟཰ࡲࡗࡓ㸬ࡇࡢ㏆ఝᘧࢆ㸪
gRfRez g  2''        (3) 
e㸪f㸪g㸸ᐃᩘ 
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5୧㢌ᖹ㠃◊๐┙࡟ࡼࡿษࡾ㎸ࡳ㔞ࡢィ⟬ἲ
࡜࠾ࡃ㸬ࡇࡇ࡟ zg’’ࡣ㸪༙ᚄ R ࡟࠾ࡅࡿ◒▼⾲㠃
ࡢ z’’ᗙᶆ࡛࠶ࡿ㸬 
ḟ࡟ຍᕤ≀ࡢ◊๐῝ࡉࢆィ⟬ࡍࡿ㸬ṇ☜࡟ࡣ๓
㏙ࡢࡼ࠺࡟◒▼⾲㠃ࢆ x-y-zᗙᶆ⣔࡛⾲ࡋ㸪ຍᕤ≀
ࡢຍᕤⅬMࡢᗙᶆ(xM,yM,zM)࡜㸪ࡑࡢ x,yᗙᶆࡀᑐ
ᛂࡍࡿ◒▼ୖࡢⅬ g ࡢᗙᶆ(xM,yM,zg)ࢆồࡵࡿ㸬ࡇ
ࢀࢆ◒▼࡜ຍᕤ≀ࡀᖸ΅ࡍࡿ⠊ᅖࡢᗙᶆ࡛ィ⟬ࡋ㸪
ࡑࡢ୰࡛ࡶࡗ࡜ࡶ⤯ᑐ್ࡀ኱ࡁ࠸ zg ࢆ⏝࠸࡚
D=zM-zgࡀồࡵࡽࢀࡿ㸦ᅗ 8࡟࠾ࡅࡿ gM㸧㸬ࡋ࠿
ࡋ࡞ࡀࡽ㸪ᐇ㝿࡟ࡣ◒▼⾲㠃ᙧ≧ࡢ zࡀ௵ពࡢ x㸪
㹷࡟ᑐࡋ࡚ồࡵࡽࢀࡿࡼ࠺࡟ x’’-y’’-z’’ᗙᶆ⣔࠿
ࡽኚ᥮ࡍࡿࡢࡣ㠀ᖖ࡟ᡭ㛫ࡀ࠿࠿ࡿࡓࡵ㸪௨ୗࡢ
㏆ఝࢆ⏝࠸ࡿ㸬 
x-y-z ᗙᶆ⣔࡟࠾ࡅࡿຍᕤⅬ M ࡢ㌶㊧ࡣᘧ(2)࡜
ྠᵝ㸪෇㸦ࡢ୍㒊㸧࡛⾲ࡉࢀࡿ㸬ୖグࢻࣞࢵࢧ࡜
ྠᵝ࡟㸪⢭ᗘ࡟ᛂࡌ࡚ᚲせ࡞ᩘࡔࡅ㌶㊧ୖࡢⅬ
(xM,yM,zM)ࢆ㑅ᐃࡋ࡚ (xM’’,yM’’,zM’’)࡟ኚ᥮ࡋ㸪
xM’’,yM’’ࢆ⏝࠸࡚ᘧ (3)࡟ࡼࡗ࡚ zg’’ࢆồࡵ㸪
(xM’’,yM’’,zg’’)ࢆ㏫ኚ᥮࡟ࡼࡗ࡚෌ࡧ x-y-z ᗙᶆ⣔
࡟ᡠࡋࡓⅬ G (xG,yG,zG)ࡢ zGࢆ zg࡜㏆ఝࡍࡿ㸬ࡇ
ࡢᵝᏊࢆᅗ 8ᕥୗ࡟♧ࡍ㸬  
(xG ,yG,zG)ࡣ(xM,yM,zg)࡜୍⮴ࡋ࡞࠸ࡀ㸪ḟ࡟♧ࡍ
ィ⟬౛ࡢィ⟬᮲௳ࡢࡼ࠺࡟ȟ㸪ȭࡀ 10-2 rࡢ࣮࢜
ࢲ࡛࠶ࢀࡤ㸪xG,yGࡢࡎࢀ㔞ࡣ᭱኱࡛ࡶ 10-5mm ࡢ
࣮࢜ࢲ࡛࠶ࡗࡓ㸬zG ࡢࡎࢀ⋡ࡣ 1-1/(cosȟcosȭ)2
ࡢ࣮࢜ࢲ㸪ࡍ࡞ࢃࡕ 10-6 %⛬ᗘ࡜ぢ✚ࡶࡽࢀ㸪୧
⪅ࡣ࡯࡜ࢇ࡝୍⮴ࡍࡿ㸬ࡉࡽ࡟ゝ࠼ࡤ㸪௒ᅇࡢࡼ
࠺࡞ᚤᑠഴᩳ࡛ࡣ㸪㏫ኚ᥮ࡏࡎ࡟ᅗ 8ࡢGMࢆ gM
࡜㏆ఝࡋ࡚ࡶྠ⛬ᗘࡢㄗᕪ࡟཰ࡲࡿࡣࡎ࡛࠶ࡿ㸬 
ᅗ 9࡟ഴᩳᚋࢻࣞࢵࢩࣥࢢࡋࡓ◒▼⾲㠃ࢆഴᩳ
๓ࡢ◒▼⾲㠃㸦x-yᖹ㠃㸧࠿ࡽぢࡓ࡜ࡁࡢ➼㧗⥺(zG)
ィ⟬౛ࢆ♧ࡍ㸬⾲㸯࡟ィ⟬᮲௳ࢆ♧ࡍ㸬ᅗ 9ᕥ࡟
ࡣࢻࣞࢵࢧ࡜ຍᕤ≀ࡢ㓄⨨≧ἣࢆ♧ࡋࡓ㸬ࡲࡓ㸪
◒▼ࡢ༙ᚄࢆ 200mm ࡜ࡋࡓ࡜ࡁࡢഴᩳ๓ࡢ◒▼
እᚄ㸦ഴᩳᚋࡶࡇࡢࢫࢣ࣮࡛ࣝ⾲♧ࡍࡿ࡜࡯࡜ࢇ
࡝ኚࢃࡽ࡞࠸㸧ࢆᐇ⥺ࡢ෇࡛㸪ຍᕤ≀ࡢྑ➃㸪ᕥ
➃ࡢࢫ࢖ࣥࢢ㌶㊧ࢆ◚⥺ࡢ෇ᘼ࡛♧ࡋ࡚࠶ࡿ㸬ຍ
ᕤ≀ࡣᖜ 100mm࡛㸪ࡑࡢ➃㠃ࡣ x-yᖹ㠃㸦ഴᩳ๓
ࡢ◒▼⾲㠃㸧ࡼࡾ 0.08mm ◒▼࡟ࡃ࠸㎸ࢇࡔ㧗ᗘ
ࢆࢫ࢖ࣥࢢࡍࡿ࡜ࡋࡓ㸬 
ᅗ࡟࠾࠸࡚Ⰽࡢⷧ࠸㒊ศ࡯࡝ᶆ㧗ࡀ㧗࠸ࡇ࡜ࢆ
♧ࡋ࡚࠸ࡿ㸬◒▼㸪ຍᕤ≀ࡢᙎᛶኚᙧࡸᦶ⪖ࢆ⪃
៖ࡏࡎ㸪ᗄఱᏛⓗᖸ΅ࡢࡳ࡛⪃࠼ࡿ࡜㸪x-y ᖹ㠃
࡟ᖹ⾜࡞㠃ෆࢆࢫ࢖ࣥࢢࡋ࡚ࡁࡓຍᕤ≀ࡣᅗ୰ڹ
ࡢิ࡛♧ࡍ◊๐㛤ጞⅬ࡛◒▼࡜᥋ゐࢆ㛤ጞࡋ㸪ۍ
ࡢิ࡛♧ࡍ◊๐⤊஢Ⅼ࡛ࡶࡗ࡜ࡶ῝ࡃ๐ࢀ㸪ࡑࢀ
௨㝆◒▼࡜᥋ゐࡏࡎ࡟◒▼㛫࠿ࡽᢤࡅ࡚ࡺࡃࡇ࡜
࡟࡞ࡿ㸬 
ᐇ㝿ࡢ◊๐⌧㇟࡛ࡣ㸪ຍᕤ≀㌶㊧࡟ἢ࠺➼㧗⥺
ࡢᐦᗘ໙㓄࠿ࡽ⪃࠼ࡿ࡜㸪◊๐㛤ጞⅬ┤ᚋࡀ◒▼
⾲㠃ࡢຍᕤ≀࡟ᑐࡍࡿഴᩳࡀẚ㍑ⓗ኱ࡁ࠸Ⲩ◊๐
㡿ᇦ㸪⤊஢Ⅼᡭ๓ࡀྠഴᩳࡀẚ㍑ⓗ⦆ࡸ࠿࡞௙ୖ
ࡆ◊๐㡿ᇦ࡜࡞ࡾ㸪⤊஢Ⅼ┤ᚋࡣຍᕤ≀ࡢᙎᛶᅇ
᚟࡟ࡼࡗ࡚◒▼࡜ࡢ᥋ゐࡀᑡࡋࡢ㛫⥆ࡃࢫࣃ࣮ࢡ
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࢔࢘ࢺࡢ㡿ᇦ࡜࡞ࡿ࡜᥎ᐃࡉࢀࡿ㸬 
ᅗ 10 ࡟ຍᕤ≀➃㠃ࡢࢫ࢖ࣥࢢ༙ᚄ᪉ྥࡢ◊๐
῝ࡉࡢศᕸࢆ♧ࡍ㸬ᅗ 9࡟࠾࠸࡚ຍᕤ≀➃㠃ྑഃ
ࡀᅗ 10࡛ࡣ఩⨨ 0࡜ࡋ࡚࠸ࡿ㸬ࡇࡢຍᕤ᮲௳࡛ࡣ
ຍᕤ≀ࡀ⮬㌿ࡋ࡞࠸ࡼ࠺ᅛᐃࡉࢀ࡚࠸ࡿሙྜ㸪
100mm ࡢᖜ࡛ 40ȣm ࡯࡝ࡢഴᩳࡀࡘ࠸࡚ࡋࡲ࠺
࡜ண᝿ࡉࢀࡿ㸬ᅗ 10ࡼࡾᖹᆠᗘ࡟ࡘ࠸࡚ࡣ㸪ᩘ ȣ
m࡟཰ࡲࡿࡇ࡜ࡀࢃ࠿ࡿ㸬 
㸬ࡲ࡜ࡵ
ᗙᶆኚ᥮ࢆ⏝࠸࡚㸪୧㢌ᖹ㠃◊๐┙ࡢ◒▼ࡀ 2
㍈ࡲࢃࡾ࡟ഴᩳࡉࢀ㸪ࢻࣞࢵࢩࣥࢢࢆཷࡅࡓ࡜ࡁ
ࡢ⾲㠃ᙧ≧࡜㸪ࡑࡢ◒▼ࢆ⏝࠸ࡓ࡜ࡁࡢษࡾ㎸ࡳ
㔞ࢆィ⟬ࡍࡿ᪉ἲࢆ♧ࡋࡓ㸬ィ⟬౛࡟ࡼࡗ࡚Ⲩ๐
ࡾ㸫௙ୖࡆ๐ࡾ㸫ࢫࣃ࣮ࢡ࢔࢘ࢺࡢ◊๐⌧㇟ࡢⓎ
⏕ࢆどぬⓗ࡟㏣࠺ࡇ࡜ࡀ࡛ࡁࡿᅗࢆ♧ࡋࡓ㸬 
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